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Background: Functional	 Lumen	 Imaging	 Probe	 (EndoFLIP)	 tests	 typically	measure	
static	pyloric	parameters,	but	the	pylorus	exhibits	phasic	variations	on	manometry.	
Dynamic	changes	in	pyloric	function	have	not	been	quantified	using	EndoFLIP,	and	
the	 impact	 of	Gastric	 Per-Oral	 Endoscopic	Myotomy	 (G-POEM)	 on	 static	 and	 dy-












diameter and distensibility tended to be higher during recordings with phasic activity. 
Some	pyloric	responses	to	G-POEM	were	influenced	by	age,	gastroparesis	etiology,	
gastric	emptying,	and	prior	botulinum	toxin	injection.
Conclusions & Inferences: Pyloric	 activity	 exhibits	 dynamic	 changes	 on	EndoFLIP	
testing	in	gastroparesis.	G-POEM	increases	maximal	but	not	minimal	diameter	and	
distensibility	 with	 increased	 variations,	 suggesting	 this	 therapy	 enhances	 pyloric	
opening	but	may	not	impair	pyloric	closure.	Phasic	pyloric	contractions	contribute	to	
variations in pyloric activity.
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1  | INTRODUC TION
Modulation	 of	 pyloric	 function	 may	 be	 effective	 treatment	 for	
gastroparesis.	 In	 an	 older	 manometry	 study,	 diabetics	 with	 gas-




patients.2-6	 Gastric	 per-oral	 endoscopic	 myotomy	 (G-POEM)	 has	
been	described	in	recent	case	series	and	systemic	reviews	for	gas-
troparesis therapy.7-10
Impedance	 planimetry	 measured	 by	 the	 Functional	 Lumen	
Imaging	 Probe	 (EndoFLIP)	 can	 quantify	 several	 pyloric	 motor	 pa-
rameters.	EndoFLIP	abnormalities	in	gastroparesis	 include	reduced	
pyloric distensibility and diameter and increased pressure.11-14 
Abnormal	pyloric	diameter	 and	distensibility	have	been	correlated	
with	 increased	 vomiting,	 retching,	 early	 satiety,	 and	 fullness;	 re-
duced distensibility and increased pressure have been related to 
worse gastric emptying delays in gastroparesis.12,13,15,16	 G-POEM	
is reported to improve pyloric distensibility and pyloric dilation can 
enhance compliance.11,16	 EndoFLIP	 findings	 have	 been	 correlated	
with	 improved	 outcomes	 from	 pyloric	 therapies.	 One	 study	 saw	
greater	improvements	in	early	satiety	after	botulinum	toxin	injection	
in patients with increased baseline pyloric compliance and better 
pain reductions in those with higher baseline distensibility.12	Pyloric	
distensibility <9.2 mm2/mmHg	was	found	to	have	100%	sensitivity	
and	 72.2%	 specificity	 for	 successful	 outcomes	 from	 G-POEM	 in	
gastroparesis.14
All	 studies	 to	 date	 have	 reported	 single	 values	 for	 pyloric	
EndoFLIP	 parameters	 in	 gastroparesis	 reflecting	 either	mean	 val-
ues	or	measurements	at	single	time	points.	These	findings	do	not	
consider pyloric motor variations seen on manometric studies.1 
Others	 have	mentioned	but	 not	measured	EndoFLIP	 pyloric	 vari-
ability in gastroparesis.16	 Pyloric	 “motility	 waves”	 on	 EndoFLIP	
testing have been characterized in relation to meal and prokinetic 
drug stimulation in porcine studies.17	The	relation	of	phasic	pyloric	




This	 study	 characterized	 variabilities	 in	 pyloric	 function	
in	 gastroparesis	 using	 EndoFLIP	 and	 examined	 the	 impact	 of	




to	 the	 presence	 of	 phasic	 pyloric	 contractions,	 and	 (iii)	 define	
clinical	 factors	 that	 predict	 improvements	 in	 pyloric	 diameter	
and	distensibility	with	G-POEM.	Some	data	 in	 this	 report	were	
presented at Digestive Disease Week in 2019 and at a meeting 
of	the	American	Neurogastroenterology	and	Motility	Society	in	
2019.18,19
2  | MATERIAL S AND METHODS
2.1 | Patient population
Twenty	 adult	 gastroparesis	 patients	 with	 medication-refractory	
symptoms	 underwent	 G-POEM	 from	 June	 2018	 to	 July	 2019	 at	
University	of	Michigan	Hospital.	All	patients	reported	symptoms	of	
gastroparesis	 for	 at	 least	 12	 weeks.	 Gastroparesis	 was	 diagnosed	
based on abnormal scintigraphic testing. Seventeen patients under-






















sitioned	 in	 the	 left	 lateral	 position	 and	 a	 standard	 high-definition	
Key Points
•	 Variability	 of	 pyloric	 function	 has	 not	 been	 quantified	
using	Functional	Lumen	Imaging	Probes	(EndoFLIP)	and	
the	 impact	 of	 Gastric	 per-oral	 endoscopic	 myotomy	
(G-POEM)	on	static	and	dynamic	pyloric	activity	in	gas-
troparesis is unknown.
•	 Mean	 and	 maximum	 values	 and	 variations	 in	 pyloric	
diameter	 and	 distensibility	 are	 influenced	 by	 phasic	
contractions involving the pylorus; these measures are 
increased	by	G-POEM.
•	 The	 benefits	 of	 endoscopic	 myotomy	 in	 gastroparesis	
may	result	from	enhanced	pyloric	opening	without	sig-
nificant	impairment	of	pyloric	closure.














submucosal	 dissection	 knife,	 a	 2	 cm	 longitudinal	mucosotomy	was	
made	with	electrocautery	(Endocut	Q	3:1:1)	into	the	submucosa.	The	
gastroscope and cap were then used to separate the edges and ac-
cess	 the	submucosal	space.	A	submucosal	 tunnel	was	then	created	





















positioned	 across	 the	 pylorus	 and	 was	 sequentially	 inflated	 to	
30	mL,	40	mL,	and	50	mL	for	1-5	minutes	at	each	volume	and	then	
deflated.	 Because	 propagating	 distal	 antral	 contractions	 some-
times	pulled	the	balloon	distally	during	 inflation,	catheter	move-
ment	was	restrained	if	needed	using	either	a	rat	tooth	forceps	to	
grasp	 the	catheter	 itself	or	a	 standard	biopsy	 forceps	 to	grasp	a	
suture	affixed	to	the	catheter	proximal	to	the	balloon	to	maintain	
balloon position stably across the pylorus with continuous endo-
scopic	 visualization	 and	 visual	 inspection	of	 the	EndoFLIP	 topo-




into	Excel	 spreadsheets.	Data	 relating	 to	 balloon	 volume	 for	 each	






















com	 to	 permit	 detailed	 profiling	 of	 phasic	 contractions	 involving	
the	pylorus.	Pyloric	contractions	which	spanned	at	 least	4	sensors	
(2	cm)	including	>2	sensors	proximal	to	the	pylorus	were	considered	








were	 considered	 to	 represent	other	phasic	 activity.	 This	 other	 ac-




















no	 phasic	 contractility,	 or	 (iii)	 other	 phasic	 contractions	 (including	
single	 contractions	 propagating	 from	 the	 antrum,	 isolated	 pyloric	




of	 EndoFLIP	 balloon	 inflation	 on	 phasic	 contractile	 frequency	 (for	






values	 for	 diameter	 and	 distensibility,	 and	 mean	 pressure)	 before	
and	after	G-POEM.	Unpaired	two-tailed	Student's	t	testing	was	per-
formed	 to	 compare	means	 and	 variability	 of	 pyloric	 diameter	 and	
distensibility	in	relation	to	the	presence	vs.	absence	of	phasic	pyloric	
contractions	 and	 to	 compare	 frequency	 of	 repetitive	 contractions	
and	 amplitudes	 and	 durations	 of	 phasic	 contractions	 before	 and	
after	 G-POEM.	One-way	 analysis	 of	 variance	 (ANOVA)	 compared	
results	of	static	pyloric	parameters	as	well	as	 frequency	of	 repeti-
tive	 contractions	 and	 amplitudes	 and	durations	of	 phasic	 contrac-






gressive correlation structure were constructed using the R package 
geepack	 (v1.2.1)	 to	 determine	 if	 changes	 in	 pyloric	 diameter	 and	
distensibility	 on	 EndoFLIP	 testing	 occurring	 after	 G-POEM	 were	
associated	with	demographic	(sex,	age,	postsurgical	vs.	diabetic	vs.	
idiopathic	 etiology),	 gastric	 functional	 (2	 and	 4-hour	 scintigraphic	
retention),	clinical	(prior	vs.	no	prior	botulinum	toxin	injection,	num-









emptying delays were mostly moderate to severe on scintigraphic 
testing	and	three	quarters	of	patients	had	undergone	prior	botuli-































TA B L E  1  Patient	characteristics














pyloric	 diameter	 was	 greater	 after	 G-POEM	 compared	 to	 before	
the	procedure	 (P	=	 .02)	with	balloon	 inflation	 to	50	mL	 (Figure	3).	
Likewise,	 variability	 of	 distensibility	was	 higher	 after	G-POEM	vs.	
baseline	(P	=	.02)	at	50	mL	volumes	(Figure	3).
3.3 | Dynamic pyloric activity detected by EndoFLIP
Many	 pyloric	 EndoFLIP	 recordings	 exhibited	 phasic	 narrowing	 of	
the	 pyloric	 lumen.	 This	 included	 phasic	 contractions	 which	 origi-
nated	in	the	antrum	and	propagated	in	coupled	fashion	through	the	



























(a)   Mean diameter















































6 of 13  |     WATTS eT Al.
pylorus and phasic contractions which were localized to the pylorus 
as	shown	in	the	linear	plots	from	antropyloric	sensors	and	the	three-
dimensional	 contour	 plots	 from	 the	 same	 recordings	 in	 Figure	 4.	
Videos	S1	and	S2	show	topographic	 recordings	 from	two	patients	




Phasic,	 coupled,	 repetitive	 contractions	 originating	 in	 the	 an-
trum	were	noted	 in	37.5%	of	 recordings	 and	other	 phasic	 activity	







Characteristics	 of	 phasic	 pyloric	 contractility	 were	 compared	
in	relation	to	EndoFLIP	balloon	volume	before	and	after	G-POEM.	
Under	baseline	conditions,	the	presence	of	combined	phasic	pyloric	








F I G U R E  2  This	figure	shows	the	
impact	of	G-POEM	(gray	bars)	compared	
to	baseline	recordings	(clear	bars)	
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of	phasic	coupled	contraction	cycling	were	higher	at	30	mL	inflation	
than	 40	mL	 inflation	 but	were	 similar	 after	 G-POEM	 (Table	 S2A).	
Phasic	 coupled	 contraction	 amplitudes	 were	 similar	 in	 relation	 to	
balloon	volume	before	and	after	G-POEM	(Table	S2B).	Phasic	con-




3.4 | Regression modeling to define predictors of 
improved pyloric function
Regression	 models	 identified	 potential	 demographic,	 clinical,	 and	
procedural	 predictors	 of	 improved	 pyloric	 function	 on	 EndoFLIP	
testing	 in	 patients	 undergoing	 G-POEM.	 Increasing	 age	 predicted	
better	 improvements	 in	 maximum	 pyloric	 distensibility	 (P	 =	 .05),	
while postsurgical etiology predicted greater overall increases in 
diameter	 variability	 by	 an	 average	of	2.79	mm	 relative	 to	diabetic	





at	 50	mL	 (P	 <	 .01)	 (Table	 4B).	However,	 increasing	 time	 since	 the	
prior	botulinum	toxin	injections	predicted	better	diameter	variability	
increases	 (0.77	mm	higher	per	90-day	 increase)	at	50	mL	 inflation	
(P	 =	 .03).	Other	 factors	 exhibiting	 trends	 to	 predicting	 pyloric	 re-
sponse	to	G-POEM	are	shown	in	Tables	4A	and	B.
4  | DISCUSSION
These	 findings	 represent	 the	 most	 detailed	 characterization	 of	 py-
loric	function	 in	gastroparesis	at	baseline	and	after	G-POEM.	Unlike	





larger gastroparesis cohorts undergoing pyloric therapy.
We	showed	overall	 improved	pyloric	 function	after	G-POEM	 in-
cluding increased mean pyloric diameter and distensibility but not pres-
sure	versus	premyotomy	values.	This	is	similar	to	a	prior	series	which	
noted	distensibility	increases	after	G-POEM	and	another	study	which	
found	increased	compliance	after	pyloric	dilation.11,16 Our increases in 
mean	pyloric	diameter	and	distensibility	averaged	about	2.5	mm	and	
1.5	mm2/mmHg	after	G-POEM,	respectively,	at	50	mL	balloon	inflation	
which are similar to those reported by others.14
We calculated other measures not previously reported. Increases 
in	maximal	EndoFLIP	values	after	G-POEM,	including	>3	mm	diameter	
increases	 and	 >2	mm2/mmHg	distensibility	 increases,	were	 numeri-
cally	 greater	 than	 for	mean	values,	while	G-POEM	had	 insignificant	
impact on minimum diameter and distensibility. One can speculate 
























(a)   Diameter variability
P = 0.80



























loric	closure.	Studies	on	 the	 role	of	 the	pylorus	 in	 regulating	gastric	





loric	 excision	or	 combining	 surgery	with	vagotomy	 leads	 to	passage	
of	large	undispersed	particles	suggesting	that	merely	opening	the	py-




pyloric sieving is emphasized by studies showing impaired intestinal 












contour plots shown in the right graphs 
which	are	generated	to	profile	diameter	
responses across all sensors in the 
antrum,	pylorus,	and	duodenum.	The	
top plots show propagating contractions 
originating in the antrum and migrating 
through the pylorus leading to diameter 
reductions	in	the	antrum	followed	by	the	
pylorus. Dashed lines on the linear plot 
show	antegrade	propagation	of	these	
contractions.	In	the	middle	plots,	a	single	
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Variability	of	diameter	and	distensibility	served	as	measures	of	
dynamic	pyloric	function.	Increases	in	variability	of	both	parameters	




Phasic	 contractions	 contributed	 to	 some	 of	 the	 diameter	 and	
distensibility	 variabilities.	 Most	 phasic	 activity	 was	 comprised	 of	
repetitive coupled contractions that originated in the antrum and 
propagated	through	the	pylorus	before	diminishing	at	the	duodenal	
bulb.	 Frequencies	of	 repetitive	phasic	 contractions	were	 similar	 to	
the gastric slow wave. Repetitive coupled contractions were longer 
in duration compared to isolated and uncoupled contractions. We 




pylorectomy.33 Research suggests that phasic pyloric contractions 
are	responsive	to	physiologic	stimulation;	in	pigs,	meals	increase	their	
amplitude	while	prokinetic	agents	increase	both	their	frequency	and	
amplitude.17	 The	 relevance	of	 this	phasic	 activity	warrants	 further	
study,	which	will	define	if	these	contractile	patterns	 impact	gastric	
emptying rates in gastroparesis or predict better or poorer outcomes 
after	pyloric	therapies	with	G-POEM,	surgery,	or	botulinum	toxin.











study in healthy controls in which antral distention reduced slow wave 





Our	 regression	 analyses	 provided	 insight	 into	 clinical	 factors	
associated	 with	 differential	 pyloric	 diameter	 and	 distensibility	 re-
sponses	to	G-POEM.	We	noted	superior	 responses	to	G-POEM	in	




of	 gastroparesis	 therapies.35	 Pyloric	 diameter	 variability	 increased	






ameter	 and	distensibility.	Of	 note,	 the	 large	NIH	 cohort	 observed	





select	 only	 patients	 for	G-POEM	who	had	 reported	 beneficial	 re-
sponses	to	botulinum	toxin.	In	a	large	meta-analysis	of	332	gastropa-
resis	patients	from	11	studies,	one	predictor	of	response	to	G-POEM	
was	prior	improvement	after	pyloric	botulinum	toxin	therapy.9 It also 
was	typical	of	our	referring	physicians	to	limit	the	number	of	botu-
linum	toxin	treatments	to	minimize	the	risk	of	scar	formation	which	








ulinum	 toxin	 injection.	 Increases	 in	 variability	 of	 pyloric	 diameter	
and	distensibility	were	lower	and	increases	in	maximum	distensibil-
ity	trended	lower	in	those	with	greater	numbers	of	prior	botulinum	
toxin	sessions,	but	 this	could	be	a	 result	of	 several	 factors	 includ-
ing	neurotoxic	effects	of	therapy,	preselection	of	patients	with	 in-









treatment	 in	 gastroparesis.	 In	 our	 series,	 all	 G-POEM	 procedures	
were	accomplished	successfully	without	 interference	by	submuco-
sal	 scar	 tissue.	 Definitive	 characterization	 of	 any	 adverse	 effects	
of	botulinum	toxin	on	chronic	pyloric	function	in	gastroparesis	will	






However,	we	 plan	 to	 adopt	 some	 of	 the	 static	 and	 dynamic	 py-
loric measures characterized in this study in analyzing a larger 
multicenter	 database	 to	 determine	 if	 EndoFLIP	 findings	 can	 be	
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improved	pyloric	function	after	G-POEM	on	regression	analyses.	
However,	 we	 believe	 that	 some	 calculations	 showing	 statistical	






with	 a	 diagnosis	 of	 gastroparesis—EndoFLIP	 findings	 in	 these	 3	
patients	were	not	different	from	those	who	were	diagnosed	using	
accepted scintigraphy methods.36	 Too	 few	 patients	 underwent	
dual	myotomy	 to	 assess	 if	 this	method	 is	 superior	 to	 single	my-
otomies	performed	at	most	 centers.	Furthermore,	patients	were	
not randomized to double versus single myotomy. It would have 
been desirable to investigate a larger group with postsurgical gas-
troparesis	to	better	characterize	responses	to	G-POEM	given	the	
observed greater pyloric diameter increase observed with this 
etiology	in	this	initial	study.	Having	EndoFLIP	data	prior	to	initial	
botulinum	 toxin	 injection	would	 provide	 greater	 detail	 on	 phys-
iologic	 effects	 of	 both	 botulinum	 toxin	 and	G-POEM	 on	 pyloric	
measures.	Finally,	we	did	not	have	a	healthy	control	cohort	to	de-
termine	 if	 baseline	 variabilities	 in	 pyloric	 function	were	 blunted	
in	our	gastroparesis	patients	or	 if	 improvements	 in	diameter	and	
TA B L E  2  Prevalence	of	dynamic	pyloric	function	(A)	overall	(B)	
relation	to	EndoFLIP	balloon	volume	(C)	before	and	after	G-POEM
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G-POEM	 increased	mean	 and	maximal	 diameter	 and	 distensibility	
with	associated	increases	in	variability	of	these	parameters,	but	did	
not	 influence	minimal	 values	of	 any	parameter.	We	speculate	 that	
endoscopic myotomy enhances pyloric opening but may not impair 
pyloric	closure.	Phasic	contractions	involving	the	pyloric	likely	con-
tribute to variations in pyloric diameter and distensibility. It is con-
ceivable	 that	 these	 combined	 physiologic	 responses	 to	 G-POEM	
may	prove	to	be	advantageous	for	clinical	responses	to	this	therapy.	
Future	studies	will	determine	if	these	static	and	dynamic	EndoFLIP	
measures	 are	 predictors	 of	 response	 to	 pyloric	 therapies	 such	 as	
G-POEM	in	gastroparesis.
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